detect a clear association between mode of delivery and maternal or neonatal outcomes. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] with some conflicting results based on gestational age at the time of delivery. 9, 11, 14, 15 The differences in study design and the lack of high-quality randomized controlled trials are the main reasons for this apparent controversy. Most studies are of retrospective design [1] [2] [3] [4] [5] 7, 9, 11, 12, 15, 18 and are, thus, prone to bias. This includes a potential selection bias since women in labor are more likely to have a vaginal birth trial than women who require delivery for medical indication while not in labor. Other potential limitations include the lack of data on confounding factors (eg, experience of practitioner present at delivery), differences in the definition of postdates gestation in twin pregnancies, and differing outcome measures. The Twin Birth Study, a recent randomized controlled trial of 2804 women with twin pregnancies, randomized women between 32 + 0 and 38 + 6 weeks of gestation with twin pregnancies where the first twin presented in cephalic position to planned vaginal delivery or planned cesarean. Overall, there were no differences in neonatal and maternal outcome between the planned vaginal delivery and planned cesarean groups. 19 Ideally, all participants in the Twin Birth Study would enter labor spontaneously or have an elective cesarean at the safest time to yield the best health outcomes for both themselves and their newborns. However, about half of the women included in the study were delivered either by cesarean while in labor or by induction prior to the onset of spontaneous labor. Thus, whether the Twin Birth Study findings apply to women who present in spontaneous labor remains unclear. This secondary analysis aimed to compare neonatal and maternal outcomes in women with twins who presented in spontaneous labor and underwent a trial of labor or urgent cesarean based on the randomization group.
| METHODS
The original Twin Birth Study 19 enrolled women from 106 centers and 25 countries with a range of national perinatal mortality rates. Inclusion criteria included women between 32 + 0 and 38 + 6 weeks of gestation, when the first twin was in the cephalic presentation; both twins were alive and had an estimated weight between 1500 and 4000 g confirmed by ultrasound within 7 days of randomization. Excluded from the study were as follows: women under 16 years of age, mono-amniotic twins, fetal reduction after 13 weeks of gestation, lethal fetal anomaly, contraindication to labor or vaginal birth, or previous participation in the study. The study specified minimal limits of antenatal care to be undertaken and reassessment at time of delivery to assure suitability of assigned delivery method.
Between December 2003 and April 2011. women were randomized to planned cesarean or planned vaginal delivery centrally by the Centre for Mother, Infant, and Child Research at Sunnybrook Health Sciences Centre, Toronto, Ontario, Canada. The study attempted to standardize labor care by ensuring a qualified obstetrician skilled in vaginal twin delivery and was required to attend all vaginal deliveries. Participating centers were prepared to perform a cesarean within 30 minutes if required. Although all labor and neonatal care could not be standardized, multiple site participation adds to the generalizability of this study. Data collection by trained staff was entered on standardized collection forms.
The primary outcome of the original study, as well as this secondary analysis, was a composite of fetal or neonatal mortality or serious neonatal morbidity. Serious neonatal morbidity was defined as one or more of the following: birth trauma (spinal cord injury, basal or depressed skull fracture, fracture of a long bone, injury to a peripheral nerve present at 72 hours of age or at discharge from the hospital; subdural or intracerebral hemorrhage), Apgar score of less than 4 at 5 minutes; coma, stupor, or decreased response to pain; seizures on at least two occasions before 72 hours of age; need for assisted ventilation with the use of an endotracheal tube, inserted within 72 hours after birth and remaining in place for at least 24 hours; confirmed septicemia; necrotizing enterocolitis, pneumatosis intestinalis, or air in the portal vein diagnosed by means of surgery or radiography; bronchopulmonary dysplasia, defined as the need for supplemental oxygen at a postnatal gestational age of 36 weeks and confirmed by means of radiography; grade III or IV intraventricular hemorrhage or cystic periventricular leukomalacia confirmed by means of ultrasonography.
Maternal composite, a secondary outcome, was defined as one or more of the following occurring before 28 days postpartum: death; severe hemorrhage; laparotomy; genital tract injury; thromboembolism requiring anticoagulant therapy; systemic infection; major medical life-threatening illness; wound infection, dehiscence or breakdown; or other serious maternal complication. Secondary outcomes included the individual components of the primary outcome. The Twin Birth Study protocol and definitions for outcomes have been described previously. 19 The Twin Birth Study and all secondary analyses were approved by the Research Ethics Board at the Sunnybrook Health Sciences Centre. The objective of this secondary analysis was to compare neonatal and maternal outcomes in the subgroup of women who presented in active labor based on their original randomization group using an intention-to-treat approach. Thus, women originally randomized to the planned vaginal delivery group were included in this group irrespective of whether they had a vaginal delivery (as planned) or an urgent cesarean delivery was undertaken for medical, staffing, or maternal request reasons. Similarly, women originally randomized to the planned cesarean group were included in this group, irrespective of the actual mode of delivery.
Odds ratios and their corresponding 95% confidence intervals are provided for binary outcomes, while means and standard deviations are provided for continuous outcomes. For the neonatal outcome, the unit of analysis is the infant, and generalized estimating equations were used to account for the correlation between infants from the same pregnancy. All P-values in all tables are two-sided. The level for declaring statistical significance was set to 0.05. Since the analysis was secondary to a randomized clinical trial, no power calculations were performed.
| RESULTS
A total of 2804 women were included in the original analysis. Of the 1406 women randomized for planned vaginal delivery, 823 (59%) presented in spontaneous labor, and of the 1398 women randomized for planned cesarean, 612 (44%) presented in spontaneous labor. The proportion of women in the planned cesarean group who delivered by cesarean was 82.4%. Of the women in the planned vaginal delivery group, 68.6% had a vaginal birth ( Figure 1 ).
The characteristics of the two study groups were similar in terms of age, parity, previous cesarean delivery status, chorionicity, and presentation at delivery. The groups were equal in terms of distribution of women from countries of differing national perinatal mortality rates. Women in the planned vaginal delivery group delivered later than those in the planned cesarean group (36.5 ± 1.5 vs 36.2 ± 1.6 weeks, P < 0.001). The planned vaginal delivery group had a lower rate of spontaneous preterm birth compared with the planned cesarean group (54.7% vs 63.7%, P = 0.002) and had more antepartum hemorrhage (1.9% vs 0.6%, P = 0.04) and maternal complication (2.4% vs 0.1%, P = 0.05) prompting cesarean delivery (Tables 1 and 2 ).
In the sample of women studied who labored spontaneously, there was a lower, but not statistically significant, incidence of composite adverse outcome for infants of mothers randomized to planned vaginal delivery rather than to planned cesarean (1.8% vs 2.7%, respectively; P = 0.16; OR 1.49; 95% CI, 0.87-2.55). The numbers for each individual neonatal outcome were small and did not support more detailed analysis. However, there was no statistical difference seen in rates of death or severe morbidity, birth trauma, abnormal consciousness, seizure activity, neonatal sepsis, and necrotizing enterocolitis (Table 3) . Limited data prevented analysis of rates of cystic periventricular leukomalacia and Apgar's <4 at 5 minutes of age.
Maternal outcomes included outcomes deemed to have significant impact on the patient or their duration of hospital stay or treatment (Table 4 ). There was no significant difference between the vaginal delivery and the cesarean groups in the frequency of the maternal composite adverse outcome (7.8% vs 6.9%, respectively; P = 0.5; OR 0.87; 95% CI, 0.58-1.3). The rate of dilation and curettage postdelivery was in favor of planned cesarean delivery (1.3%, compared with 2.9% in the planned vaginal delivery group, P = 0.04; OR 0.44; 95% CI 0.19-0.98), while wound dehiscence or breakdown was more common in the planned cesarean delivery group than in the vaginal delivery group (1.9% vs 0.6%, respectively, P = 0.02; OR 3.26; 95% CI, 1.14-9.32). No other statistically significant differences between the groups were seen. Numbers remained small in some individual outcomes such as serious or life-threatening illness, pulmonary embolism, or perineal tear involving anal sphincter making statistical analysis difficult.
| DISCUSSION
Evidence from the original Twin Birth Study suggested planned cesarean delivery did not reduce the risk of fetal or neonatal death or serious neonatal morbidity, compared with planned vaginal delivery in pregnancies with cephalic presenting first twins between 32 and 38 weeks' gestation. 19 The study had a high rate of follow-up and attempted to provide consistency with specified antenatal care and intrapartum management criteria. Multiple participating countries increased the generalizability, however, only to centers that can provide this specific obstetric management.
In this secondary analysis, we investigated whether the neonatal or maternal outcomes would differ in the subset of women presenting in spontaneous labor. We hypothesized that in those who labored spontaneously, neonatal and maternal outcomes would be better in the group randomized to planned vaginal delivery compared with the planned cesarean delivery group.
The results of this secondary analysis suggest that there is no statistically significant difference in neonatal composite outcome between women who presented in spontaneous labor who planned to deliver vaginally or by cesarean. Although an odds ratio of 1.49 suggested favorable neonatal outcomes in the vaginal delivery group, this was not statistically significant. Results of individual neonatal morbidities had limited data to draw any definitive conclusions. With respect to maternal complications, the composite outcome of death or serious maternal morbidity was not significantly different between the two groups.
On analysis of our results, it is important to consider that in the original Twin Birth Study, 59% of women in the planned vaginal group and 44% in the planned cesarean group presented in spontaneous labor. There could be a number of reasons for this statistically significant difference. First, in women randomized to planned vaginal delivery, there may have been a tendency by the clinician and patient to defer induction of labor to as late as possible to allow for spontaneous onset of labor. This may account for the small clinical, although statistically significant, difference in average gestational age at time of delivery between the two groups. Second, in the vaginal delivery group, it would be common practice to offer membrane sweeping. A Cochrane systematic review, although not specific to twin gestations, found the number needed to treat with membrane sweeping to prevent one induction of labor was eight. 20 This would account for a 12% difference in the two groups if women in the cesarean group were not offered this. Third, more women in the planned cesarean group labored spontaneously before 37 weeks' gestation. This may represent a bias of the clinicians, who are more likely to continue with planned cesarean in women who present with mild contractions and are classed as early labor, where a woman planned for vaginal delivery will be discharged home to await active labor.
The intention-to-treat methodology of this analysis also could have impacted the results. For example, in the planned cesarean group, 17.7% of women delivered both twins vaginally, suggesting either maternal request to consider alternative delivery method or fast uncomplicated delivery. This may skew the results in favor of preferential neonatal outcomes in the planned cesarean group. On the other hand, we should consider women in the vaginal group who underwent cesarean delivery due to maternal request (6%), where there was not an experienced clinician available to undertake vaginal delivery (0.6%) and when a noncephalic first twin was found on presentation to hospital (2%). When we remove these women who were unable to attempt vaginal delivery due to exclusion criteria, a success rate of 75% was achieved for vaginal delivery of both twins. This may be a more realistic figure to use when counseling women with twins on success of attempted vaginal delivery.
The findings represented in this secondary analysis are at odds with Hoffmann et al, who conducted a retrospective cohort study of 1060 dichorionic twins and 115 monochorionic twins born after 36 weeks of gestation. They found a higher risk of adverse perinatal outcomes in women in the dichorionic group who intended to deliver by vaginal delivery compared with planned cesarean delivery. Their criteria for definition of perinatal morbidity included Apgar scoring <7 at 5 minutes, umbilical artery pH<7.1, and admission to the neonatal unit for >3 days. 21 This represents less severe criteria than in our study and may be the reason for the discordance in results. Several other cohort studies have shown a reduced risk of adverse perinatal outcomes, when twins at or near term were delivered by cesarean. 2, 4, 5 This is likely the result of selection bias in retrospective cohort trials and the differing gestational age of recruitment to each trial. In contrast to our study, most were single centered with small numbers recruited and had limited data on potential confounders (eg, experience of practitioner present at delivery).
In accordance with our results, other cohort studies 11, 13, 22 and two meta-analyses, 10, 16 found no association between mode of delivery in twins and fetal, neonatal, or maternal outcomes. De Castro et al 23 published a retrospective cohort study of 2194 patients with twin pregnancies, comparing actual mode of delivery and neonatal outcomes. They presented greater success rates in women who attempted vaginal delivery although this may be due to the selection bias of a retrospective design and recruitment at the time of presentation for delivery. The conflicting results in the published data suggest that further studies looking at neonatal outcomes and mode of delivery, stratified by gestational age, twins order, and planned vs actual mode of delivery, are still required. Evidence from our secondary analysis adds to the body of literature.
The strengths of our study include its size (106 participating centers in 25 countries) and with a high rate of follow-up. Furthermore, we retained the original randomization of the primary study as well as the intention-to-treat analysis. The main limitations include the fact it is a secondary analysis, not planned a priori in the protocol and was not powered to compare planned modes of deliveries in spontaneously laboring women. The use of composite outcomes is also potentially problematic. Some neonatal complications may not be exclusively related to the intervention of interest although the size of the study should, therefore, have equal representation in each of the groups.
Furthermore, neonatal complications may be associated with the policies and practices within the different hospital sites across 25 countries involved in the study. The national perinatal mortality rate was used as a marker of level of care likely to be available to these newborns and the distribution between vaginal and cesarean groups was equal. Lastly, we are aware that in keeping the intention-to-treat analysis, it may under or over represent issues in either of the treatment groups.
In conclusion, in women with twins who present in spontaneous labor, where the first twin is cephalic between 32 + 0 and 38 + 8 weeks' gestation, we found a lower, but not statistically significant, incidence of neonatal complications in mothers randomized to planned vaginal delivery compared with planned cesarean delivery. Composite maternal outcomes were similar with significant differences in the type of complication for each mode of delivery. Overall success of vaginal delivery of twins presenting in spontaneous labor was 68.5%; however, when excluding those where vaginal delivery was not attempted, success rate was 75%. This information is important when counseling women with twins who may present in spontaneous labor. Based on these results, we cannot confidently suggest that planned cesarean delivery confers any neonatal or maternal benefit. Given the known risks for future pregnancies after initial cesarean delivery, 24 this should be discussed and reflected in patient counseling. Further research to confirm our results and to focus on the actual, rather than intended, mode of birth is needed. 
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